phosphorus, and 2.3 mg iron and 52 kcal. However, this species is at risk of extinction due to deforestation in the Brazilian Savanna. Marolo fruit was physically and chemically characterized by Damiani et al. (2011) , and the results obtained for the Marolo pulp were: moisture (70.56 g.100 g -1 ), ash (0.54 g.100 g ).
The diversity of fruits in Brazil has leveraged the agribusiness sector since the demand for regional products in large urban centers has been growing fast. Aware of the public's expectations and demands of the consumer market, the food industry seeks to improve its products. To expand the domestic and international fresh fruit market, Brazil relies upon the consumer interest by manufactured goods in the form of juices, pulps, jams, jellies and others (LICODIEDOFF et al., 2010) .
Although marolo has been consumed for many years, only few people have access to this fruit since it is only found in some regions of the country and is available a few months a year. Due to the fact that the post-harvest shelf-life of Marolo is relatively short under refrigeration, even when combined with the use of modified atmosphere packaging (SOARES JUNIOR et al., 2007) , the manufacturing of frozen pulp is not only an alternative to Abstract Marolo, also known as araticum or head-to-black, is a globular berry, a species native to the Brazilian savannah. The aim of this study was to evaluate the physical, chemical, and microbiological stability of frozen marolo pulp during 12 months of frozen storage. It was observed that the levels of ash (0.28-0.22%), protein (0.77-0.71%), lipids (1.75-1.73%), carbohydrates (12.1-10.15%), calorie (67.23-59.01 kcal), sucrose (2.50-1.29%), citric acid (435.63-197.5 ), ascorbic acid (3.00-0.00 µg.g -1 ), total pectin (0.67-0.39%), pH (3.88-3.83), and b* chromaticity coordinates (24.85-20.53 ) decreased reduced during storage, whereas the levels of moisture (85.10-87.19%) , color parameters (L* 58.89-62.62 and a* 5.37-7.86), reducing sugars (4.53-5.62%), total soluble sugars (7.1-7.36%), soluble solids (7.0-8.4 °Brix), total acidity (0.9-1.0%), malic acid (514.13-781.25 μg.g -1 ), soluble pectin (0.16-0.24%), and antioxidant (6.85-37.35% of DPPH discoloration) increased over the one-year of storage period. According to the physical, chemical, and microbiological parameters assessed, the product can be stored for 12 months without loss of quality with addition of citric acid as a preservative.
Keywords: savanna fruits; Annona crassiflora Mart.; shelf-life.
by the colorimetric method according to Bitter and Muir (1962) , total carbohydrate content according to Dubois et al. (1956) , and the total caloric value was estimated using the Atwater conversion factors according to Wilson, Santos and Vieira (1982) ; the results were expressed as percentage and kcal, respectively.
Organic acids were extracted according to Bazimarakenga, Simard and Leurox (1995) , modified by Silva et al. (2001) , and the identification and quantification of citric, malic, tartaric, acetic, and ascorbic acids were performed by HPLC (High Performance Liquid Chromatography) using a Shimadzu chromatograph, model CLASS LC 10 (Kyoto, Japan), equipped with SPD-M10A UV detector, at a wavelength of 230 nm using a C-18 reverse phase column (150 × 4.6 mm ID, 3 µm). The sample injection volume was adjusted to 20µL, using water containing 0.1% phosphoric acid as the mobile phase at the flow rate of 1 mL.min -1
. Identification was based on retention times and co-chromatography absorption spectra, whenever necessary. Quantification was performed based on a seven-point external calibration curve for each organic acid. The following concentrations were used to draw the standard curve: 0.8, 0.5, 0.25, and 0.01 mg.mL -1 for citric, malic, tartaric, and ascorbic acid, respectively; the other six points were obtained by dilution in series with the mobile phase (1/1). Calibration curves were also used to evaluate the linearity range. All samples including the mobile phase were filtered through a micron membrane filter (0.45 micron pore (Millipore JBR61022 and HAWP04700). The results were expressed as µg.g -1 .
The antioxidant capacity was determined by the DPPH method as described by Brand-Williams, Cuvelier and Berset (1995) and modified by Borguini and Torres (2009) . The discoloration degree of the DPPH radical at 517 nm by the action of antioxidants was measured using a spectrophotometer (Shimadzu, model UV-1601 PC, Kyoto, Japan) in the ethereal, alcoholic, and aqueous extracts with concentration of 0.2 mg.mL -1 , and the results were expressed as % DPPH discoloration. Extractions were performed in triplicate for each sample. Ethereal, alcoholic, and aqueous extracts were obtained from frozen samples using a sequential extraction process for fruits (BORGUINI; TORRES, 2009).
The extraction of alcoholic and aqueous compounds was carried out as described by Genovese et al. (2003) for determination of phenolic compounds using Folin-Ciocalteu reagent. The determination of these phenols was described by Zieliski and Kozowaska (2000) , and the results were expressed as mg GAE.100 g -1 .
Color was determined using a Konica Minolta CR-400 colorimeter (Manaus, Brazil) according to the CIE system, measuring L*, a*, and b* (observation angle of 10° and illuminant D65). The L* coordinate represents the lightness/ darkness of the pulp, with values ranging from 0 (totally black) to 100 (totally white); a* coordinate shows values between -80 and +100, and the extremes correspond to green and red, respectively; and b* coordinate shows values ranging from -50 to +70, with intensity from blue to yellow. The readings were made at three different points in each pulp package.
solve this food technology problem, but it can also add value to the fruit, ensuring consumption throughout the year and making the fruit available across the country.
The market for frozen fruit pulp has shown reasonable growth with the current available technology, showing great market potential due to the variety of fruits with quite nice exotic tastes (SILVA et al., 2010) . In usual storage conditions (-18 °C), the microbial activity in frozen products is fairly inhibited since most microorganisms do not grow at temperatures below -10°C. The water-ice transition has the advantage of fixing the tissue structure and the water under the form of crystals, making it unavailable as solvent and/or as reactant and the diffusion of chemical compounds in the tissue is very slow, which associated with a decrease in temperature, contributes to the decrease in the speed of most reactions (ARAÚJO et al., 2007) . However, changes can occur even at temperatures below 0 °C, and the speed at which the food was frozen and the temperature stability during storage are factors that influence food stability (SILVA et al., 2010) .
Therefore, the aim of this study was to use marolo fruit to make frozen marolo pulp, thus adding value to this fruit which is typical of the Brazilian savanna and to evaluate the physical, chemical, and microbiological stability of the pulp during storage (-18 °C).
Materials and methods
Marolo fruits harvested in 2010 in the State of Minas Gerais, Brazil were used. After selection, the fruits were washed to remove surface contamination, rinsed, and submerged in a 100 µl.L -1 sodium hypochlorite solution for 20 minutes.
The fruits (40 kg) were then submitted to pulping using a depulper (Bonina, Model 0.25 DF, Itabuna, Brazil); citric acid (1%) was added to the pulp obtained (18 kg), which was then pasteurized (95°C/5 minutes) in a 100 mL stainless container with dimensions × 5 × 1 cm, hot packed (85°C) in 12 × 26 cm low-density polyethylene (LDPE) bags of 0.20 mm thickness and capacity of 100 g, cooled in an ice bath, and stored at -18°C in a domestic freezer (Electrolux, Model H400, Curitiba, Brazil) for 12 months for stability analysis. The pulp samples were thawed in the package after 0, 2, 4, 6, 8, 10, and 12 months of storage by immersion in a water bath at 25°C for 6 minutes and evaluated for physical, chemical, and microbiological characteristics, namely: moisture, ash, protein, lipids, total carbohydrates, caloric value, total soluble sugars, reducing sugars, sucrose, soluble solids, total pectin, soluble pectin, antioxidant compounds, phenolics, pH, organic acids, color (L*, a* , b*) and filamentous fungi and yeasts, coliforms at 35 and 45°C, and Salmonella sp. The analyses were carried out in triplicate.
Moisture (105 °C), ash (incineration at 550 °C), protein (N x 0.65), lipids, pH, soluble solids, total soluble sugars, reducing sugars, and sucrose contents were determined according to the Association of Official Analytical Chemists -AOAC (ASSOCIATION…, 1997), and the results were expressed as percentages. Total and soluble pectin contents were extracted according to McCready and McComb (1952) and determined
Results and discussion
Moisture, protein, fat, total carbohydrate contents, ash, and caloric value were influenced by the factor time (p < 0.05) (Figure 1 ). It was observed that the moisture content increased (2.46%) throughout the 12 months of storage and with this, the other components of proximal composition tended to decrease. The slow freezing process can damage the cellular structure and release intracellular water, especially free water since, according to Cheftel, Cheftel and Besançon (1989) , in an aqueous solution at -18°C, part of the water remains in the liquid state and can migrate out of the cell, thus increasing its content in the frozen product.
A factor that causes changes in the chemical constituents of the marolo pulp is the freezing process because although the effect of temperature is to reduce reaction rates, the overall The microbiological analyses for filamentous fungi and yeasts, coliforms at 35 and 45 °C, and Salmonella sp. followed the methodology proposed by the International Commission on Microbiological Specifications for Foods -ICMSF (INTERNATIONAL…, 1983) .
A completely randomized design (CRD) was used, and the influence of seven levels of factor time was evaluated (0, 2, 4, 6, 8, 10, and 12 months). Each experimental plot consisted of five packages containing 100g of pulp with three replicates each.
The statistical analysis was performed using the SISVAR software (FERREIRA, 2000) . After applying the analysis of variance, at significance level of 5% (p < 0.05), polynomial regression models were selected based on the significance of the F test for each model tested and also by the coefficient of determination. chunks (28 °C), and guava pulp preserved by combined methods.
According to Damiani et al. (2011) , fresh marolo pulp showed 16.68% of total soluble sugars, of which 12.38% was reducing sugars and 4.11% sucrose. The reduction in the total soluble sugars in relation to the fresh frozen pulp may have been due to the caramelization process during thermal processing, fruit ripening stage, and climatic characteristics.
The soluble solids represent the levels of soluble sugars, organic acids, and other minor constituents present in the sample (HOBSON; GRIERSON, 1993) . The increase in the soluble solids content in the frozen marolo pulp can be related to the slight increase in the total soluble sugars and malic acid contents (Figure 3 ).
It was observed that, during storage, there was reduction in the total pectin content (41.79%) and an increase in the reaction rate can increase or decrease at a rate less than expected as a result of the higher reactant concentrations that result from freeze concentration (DAMODARAN; PARKIN; FENNEMA, 2010).
The levels of reducing sugars, sucrose, total soluble sugars, soluble solids, and total and soluble pectin were also influenced by storage time (p < 0.05). Figure 2 shows that among the total soluble sugars, frozen marolo pulp showed lower sucrose levels than those of reducing sugars. During storage, sucrose may have been hydrated and undergone inversion of its molecule into glucose and fructose, which was induced by the low pH of the medium (Figure 3) . In acid medium (pH < 7.0), sucrose undergoes reverse reaction forming equal amounts of glucose and fructose (BRIGHENTI et al., 2011) . Damiani et al. (2013) , Pina et al. (2003) and Torrezan (1996) also observed the inversion of sucrose during storage of frozen araça pulp (-18 °C), mango 0.05), unlike the titratable acidity, which remained unchanged during storage (Figure 3 ). During storage, there was a reduction of 1.29% in the pH value. According to Damodaran, Parkin and Fennema (2010) , in the freezing process, the unfrozen phase, i.e., liquid phase that concentrates non-aqueous compounds (carbohydrates, proteins, soluble pectin content (50%). During the freezing process, there was cellular disintegration leading to the acid hydrolysis of the pectin, which was induced by the low pH of the medium (Figure 3 ).
The pH value and the contents of the citric, malic, tartaric, ascorbic, and acetic acids were influenced by storage time (p < heat (BEUCHAT, 1986) leading to enhanced germination and growth in the final product (MURDOCK; HATCHER, 1978) . The presence of organic acids can also enhance the thermal resistance of these microorganisms (SPLITTSTOESSER; SPLITTSTOESSER, 1977) . The thermo-resistant filamentous fungi species most frequently involved are Byssochlamys nivea, Byssochlamys fulva, Neosartorya fischeri and Talaromyces flavus (TOURNAS, 1994) .
Brazilian law establishes limits for the presence of filamentous fungi and/or yeasts in fruit pulp submitted to heat treatment of 2 × 10 3 CFU.g -1 (BRASIL, 2000) . The presence of these microorganisms can cause physical, chemical, and sensory changes in the product, even when they are microbiologically stable. The presence of Salmonella sp. and total (35 °C) and thermo-tolerant coliforms (45 °C) was not detected thus proving the efficiency of good manufacturing practices during the processing of frozen marolo pulp.
Regarding the organic acids, the contents of citric, ascorbic, tartaric, and acetic acids decreased during storage, possibly as a result of their consumption due to metabolic activity of fungi and/or yeasts in the 2 nd month of the storage. These microorganisms may have synthesized malic acid, explaining the slight reduction in pH and the increase of this organic acid. The concentration of citric acid was higher due to its incorporation to reduce the pulp's pH during processing.
The frozen marolo pulp showed lower ascorbic acid levels in the beginning of storage, reducing to zero after the sixth month lipids, and organic acids among others) undergoes significant changes leading to an increase or decrease in some parameters such as pH, titratable acidity, and ionic strength, depending on the chemical composition of the product.
The reduction in pH values may be justified by fungi present in the frozen marolo pulp, which may have consumed soluble sugars through glycolytic pathway producing organic acids other than those identified in this research. Fruits are very susceptible to the attack of fungi due to their high sugar content. Some fungi such as Saccharomyces bayanus, S. cerevisiae, Saccharomyces cerevisiae, Schizosaccharomyces pombe, and S. octosporus are commonly found in frozen pulp (TRINDADE et al., 2002) . Saccharomyces and Schizosaccharomyces can come into direct contact with fruit pulp during processing due to the different maturation stages, ripe fruits may have higher concentrations of these species, and they may also be present in the processing equipment in the form of spores, even after cleaning (KURTZMAN; FELL, 1998).
Yeasts and molds were detected in the second month of storage (absent at time zero to 2×10 3 CFU.g -1 in the 2 nd month). After that, these microorganisms were no longer detected, maintaining the frozen pulp stable throughout the entire storage period. This indicates the presence of thermo-resistant spores, followed by growth inhibition by reducing the pH of the medium (Figure 3 ). Thermo-resistant fungal spores not only endure the temperatures used in the thermal processing of juices and fruit products (KOTZEKIDOU, 1997), but they are also activated by b* coordinates indicated that there was a slight variation in the color of marolo pulp during the 12 months of storage, which are less likely to become dark, indicating the efficiency of the pasteurization process in enzyme inactivation and the use of citric acid as acidulant. Aquino, Móes and Castro (2011) studied the stability of acerola fruits frozen by cryogenic methods and observed an increase in the L* value and reduction in the b *value over a 2-month storage period.
In the fresh fruit pulp, these parameters showed values of 70.92 for L*, 2.17 for a*, and 33.90 for b* (DAMIANI et al., 2011) , indicating that there was browning in the frozen marolo pulp when compared to pulp of the fresh fruit. The reduction in these values in the frozen pulp is justified by the processing since the frozen pulp was submitted to heat treatment and incorporation of oxygen, which led to the degradation of pigments such as chlorophyll.
Conclusions
Marolo frozen pulp with the addition of citric acid can be stored for a period of 12 months at -18 °C with minor changes in the physicochemical parameters without affecting its microbiological quality, as recommended by standard of Brazilian legislation.
According to Damiani et al. (2011) , fresh marolo pulp had 294.00 µg.g -1 citric acid, 958.50 µg.g -1 malic acid, and 9.50 µg.g -1 ascorbic acid. The reduction in the levels of organic acids in relation to those of fresh fruit can be explained by the thermal processing applied to marolo pulp.
The antioxidant potential was also affected by storage time (p < 0.05), as shown in Figure 4 .
The increased antioxidant activity during the storage of frozen marolo pulp can be justified by the slight decrease in the pH and increase in the malic acid concentrations (Figure 3) , observed in the 2 nd month of storage. Patthamakanokporn et al. (2008) studied guava extracts stored at 5 °C and also observed a significant increase in the antioxidant activity, from 120 to 190% during three months of storage.
According to Damiani et al. (2011) , in the fresh fruit pulp, the DPPH reduction values were 34.29% (total), of which 11.18% were found in the ether extract, 5.01% in the alcoholic extract, and 18.10% in the aqueous extract. These values are higher than those observed in the frozen marolo pulp in the present study, possibly due to the addition of citric acid to the fresh marolo pulp and increment of malic acid during storage of the frozen pulp.
The color parameters were also influenced by storage time (p < 0.05), as shown in Figure 5 . The L* value and the a* and 
